Abstract: Following the Great East Japan Earthquake in March 2011, the demand for bottled water increased sharply. In this paper, the authors analyze who purchased more bottled water after the earthquake using Quick Purchase Report data. The results are as follows: first, consumers who before the earthquake tended to purchase less bottled water tended to increase the volume purchased after the earthquake; second, the motives for purchasing bottled water after the earthquake differed between consumers in the Tokyo and Osaka metropolitan districts.
Introduction


The Great East Japan Earthquake on March 11, 2011 had a major impact on the purchasing behavior of Japanese consumers. For example, consumers in Japan began to hoard food and daily-use commodities, and the post-earthquake mood of restraint resulted in a decline in spending on eating out. Table 1 details the total amounts of expenditure in March 2011 on those items subjected to the greatest influence from the earthquake and the percent change from the same month in the previous year. It can be seen that after the earthquake, expenditure increased for the following goods: nonperishable foods, such as cup and instant noodles, canned goods, and bottled water; cassette-type gas ranges; and daily-use commodities, including tissue paper, rolled toilet paper, and dry batteries. In contrast, the table also shows that expenditure on eating out declined.
One item for which purchases substantially increased following the earthquake was bottled water. Following the accident at the Fukushima No. 1 nuclear power plant, 210 becquerels of radioactive iodine per kilogram of water, which was above the safety standard for infants, was detected at a water purification plant located in Tokyo. This resulted in the absence of bottled water on supermarket shelves 1 . Consumer reactions to the natural disaster are also analyzed [1, 2] . This paper analyzed who purchased more bottled water around the time of the earthquake using scanned individual data. If the authors can identify the effect that the earthquake had on consumer purchasing behavior, this information to specify the clusters of consumers that tend to change their purchasing behavior significantly during a disaster can be used. This can provide important information when considering disaster management policies, such as the distribution of food 2 .
The structure of the paper is as follows. In the second section, this paper reviews related literatures and formulate a hypothesis about hoarding behavior; in the third section, the authors introduce the data and model used in the paper; in the fourth section, this paper estimates the model and discuss the results; in the fifth and final section, the paper is concluded. 2 Quality of emergency provisions is also important. It is analyzed that the consumer accept it [3] . 
Literature Review and Hypothesis
There is some background literature concerning serious shortages of commodities during natural and other disasters. The first relates to the increase in demand for the commodity itself. It is considered that consumers changed from tap water to bottled water in order to avoid any health risks posed by radioactive substances, which resulted in an increase in the demand for bottled water. Moreover, Sneath [4] pointed out that the victims of Hurricane Katrina exhibited irrational purchasing behavior, such as making emotional purchases for items that they did not really need or that they would not normally buy.
Therefore, the increase of bottled water purchases after the earthquake could not only be due to the desire of consumers to avoid health risks posed by contaminated tap water, but also a desire for hoarding as they bought more than they needed because of their vague anxiety and fears about shortages in the future.
Inventory accumulation can classified into four types; namely, investment, speculation, safety stock, and hoarding, based on two axes [5] . The first is whether the inventory accumulation is for profit seeking or loss-aversion; the second is whether the purchases involved differed from ordinary purchasing behavior. According to this classification, the definitions of each type of inventory accumulation are as follows. First, bulk purchases of items on sale characterize investment in inventory accumulation, even though these items may not be required for many months. Second, a purchase of more than needed to resell at a higher price in anticipation of a future price increase characterizes speculation in inventory accumulation. Third, purchases to avoid frustration associated with the cost of frequent shopping and stock outs of necessary items characterize safety stock in inventory accumulation. Finally, the purchase of more items than required, in which the dominant motivation is to avoid the fear that they will sell out in the future, characterizes hoarding in inventory accumulation.
Thus, it can be classified investment and speculation as the profit-seeking type of inventory accumulation, and safety stock and hoarding as the loss-aversion type of inventory accumulation. In addition, compared with investment and safety stock, speculation and hoarding are a form of inventory accumulation that differs markedly from ordinary purchasing behavior. For the most part, the authors find that hoarding-motivated purchases, compared with other patterns of purchase, are based on emotion and consumers engaged in hoarding perceive that there is a high risk that a commodity will run out in the future, and therefore purchase extraordinary volumes of the chosen commodity.
Unfortunately, it is difficult to distinguish purchases because of an increase in demand for a product from hoarding due to vague anxiety or consumer fears about product shortages in the future solely from market data. However, by recognizing what type of consumer increased their purchases of bottled water after the earthquake, the authors can speculate upon the structure of changes in volumes purchased.
What kind of relationship then exists between the risk perception of drinking tap water and the consumer's characteristics? There are several studies that have analyzed the variation in risk perceived by consumers associated with social demographic factors [6] [7] [8] [9] . Table 2 summarizes the results of previous studies on the impact of social demographic factors on perceptions of risk. In this table, "+" indicates that these factors are positively correlated with the risk perceptions of consumers; "N.S." indicates that no significant effect is observed; "U.S." indicates that the effect is unstable, and a blank space indicates that the variable has not been analyzed. A summary of the information was shown in Table 2 .
First, in terms of risk variation by gender, women generally perceive a higher risk to food safety than do men [6] [7] [8] . Second, in terms of variation according to age, older people perceive a higher risk than do the young [6, 7] . Third, as for variations according to income, Lin [6] , Zepeda et al. [8] and Ishida et al. [9] found no supporting evidence, while Dosman et al. [7] concluded that the effect of income on the perception of risk is unstable. Finally, in terms of the variation between households with and without children, Lin [6] , Dosman et al. [7] and Ishida et al. [9] found that compared to households without children, those with children tend to avoid risk relating to food safety.
However, Zepeda et al. [8] did not observe any variations in the perception of risk in households with and without children.
Purchasing behavior to avoid health hazards is determined by the risk level perceived by a consumer. Therefore, if the level of risk perception of radioactive substances in tap water differs according to social demographic factors, such as age, gender, and the presence of children in the household, these factors may influence the bottled water purchasing behavior of consumers. Moreover, although the level of radioactive iodine detected at the water purification plant exceeded the standard for infants, it was below the standard set for adults. Therefore, purchasing behavior may not only differ according to whether there are children in the household, but may also depend on the age of the children.
The authors hypothesize the following relationship between hoarding resulting from vague anxiety and fears about shortages of inventory in the future and the attributes of consumers. Women are more prone to impulse buying [10] . Young people are also prone to these types of purchases [11] . Moreover, married individuals might be more likely to engage in hoarding to avoid vague anxieties and fears about future shortages of inventory than unmarried individuals and individuals with high incomes might be more likely to engage in hoarding because they have greater financial flexibility to avoid these shortages in the first place.
In addition, households that did not prepare for the disaster are more likely to engage in hoarding after the earthquake [12] . Therefore, it is possible that consumers who purchased small volumes of bottled water prior to the earthquake will still engage in impulse buying after the earthquake.
In this paper, the authors analyze how the variations in the volume of bottled water purchased before and after the earthquake differ according to the attributes of individuals. Note that while the potential harm from the tap water covers a wide range in that it potentially affects all households in the river zone of the affected area, it is difficult to imagine that it would have the same effect on all of Japan. Therefore, even if households have identical attributes or are located in different areas, it is highly probably that their risk responses are different. Put differently, it is assumed that risk variations in the bottled water purchasing behavior of consumers differ between the Tokyo metropolitan district, where the radioactive substances in the tap water were detected, and the Osaka metropolitan district, where the tap water was unaffected. Therefore, in this paper the kinds of different factors affecting the purchasing behavior of bottled water in each region after the earthquake also are clarified 3 .
Model and Data
In this paper, the authors analyze how the change in the purchased volume of bottled water before and after the earthquake differed depending on the attributes of individuals. Certainly, consumers would have purchased bottled water even if the earthquake had not occurred. Therefore, in order to discern the effects the earthquake had on the purchasing behavior for bottled water, it is necessary to deduct the estimated volume of bottled water purchased if the earthquake had not occurred from the volume of bottled water purchased after the earthquake. The authors consider the difference in the volume purchased in the year prior to the earthquake and the year following the earthquake as the variation range of the volume of bottled water purchased because of the earthquake. Estimates from the linear model below are used to analyze how the variation range of the volume of bottled water purchased before and after the earthquake differed 3 The Tokyo and Osaka metropolitan areas are respectively 200 and 600 kilometers from the Fukushima No. 1 nuclear power plant where the accident occurred.
according to the attributes of an individual in Eq. (1):
where, Δy indicates the variation between the total volume of bottled water purchased from March 2011 to February 2012 and the total from March 2010 to February 2011; X is a matrix of explanatory variables that reflects the attributes of individuals; α is a constant term; β is a vector of parameters to be estimated; and u is the random error term.
For information on the purchasing trends of individuals, the authors obtained the data in the QPR (Quick Purchase Report) from Macromill Inc., a market research company 4 . Monitors who input information such as the brand, the number of items purchased, and the date and time of the scan provide the QPR data using portable barcode scanners immediately after product purchase. These are combined data of purchased product information collected via the Internet and the attributes of the monitors previously registered. Therefore, using these data, the authors can ascertain information that could not be acquired from POS (point of sale) data, namely, the type of attributes consumers have, when and what volumes they purchased, trends in the volumes purchased by consumers, and changes in their purchasing behavior. However, the QPR data only record the volume of products actually purchased. Therefore, it can not keep track of information at the store side that POS data could provide; for example, whether the store has a certain product in stock. As a result, when QPR data are used, the authors should recall the fact that these data can not consider the latent demand for a product that the consumer could not buy. In fact, directly after the earthquake, a shortage of bottled water arose as supply did not keep up with the dramatic increase in demand.
The allocation of the number of monitors to each area is on the composition ratio of the area population in the national census data, and attributes such as gender, age, marital status and living alone or cohabiting determine the sample size. Users can purchase monthly QPR data on volume purchased by monitor and brand. Therefore, using these data, the monthly changes in the volume of bottled water purchased and the purchasing behavior of each monitor can be observed. Fig. 1 depicts the trends in the volume of bottled water purchased per consumer in the Tokyo and Osaka metropolitan districts between April 2009 and February 2012. As shown, the volume of bottled water purchased after the earthquake in March 2011 was higher than in the same month of the previous year (an increase of 197% on a year-to-year basis). Fig. 1 also shows that there is variation between the level of purchases in the Tokyo and the Osaka metropolitan districts (an increase of 133% year to year). Moreover, Fig. 1 also shows that the extent of the increase in the purchased volume was greater and the period that influenced the purchase volume was longer in the Tokyo metropolitan district, where the influence of the earthquake was greater, and where radioactive substances were detected in the water supply. The information on the various attributes of the consumers used in the QPR survey-such as age, gender, prefecture of residence, married or unmarried, residential status, individual and household annual income, number of persons in the household, occupation, and age category of the youngest child-is available. The six age categories of the youngest child are as follow: infants (1 to 3 years, which are denoted as YC = 1), preschoolers (YC = 2), early elementary school years (YC = 3), higher grades in elementary school (YC = 4), junior high school student (YC = 5), and high school student and technical college student (YC = 6). The seventh and final category is households without children (YC = 7).
The authors conduct an analysis on how the changes in the volume of bottled water purchased before and after the earthquake differ depending on these variables. For this analysis, βX in Eq. (1) is specified as follows in Eq. (2) . βX = β 1 cumy + β 2 age1 + β 3 age2 + β 4 cd + β 5 cds +β 6 sex +β 7 sin+β 8 log(inc) (2) where, cumy is the cumulative volume of bottled water purchased from April 2009 to February 2011; age1 is a dummy variable taking a value of one for individuals aged 34 years or younger, otherwise zero; age2 is a dummy variable taking a value of one for individuals aged from 35 to 49 years, otherwise zero; cd is a dummy variable taking a value of one for individuals with children, otherwise zero; sex is a dummy variable taking a value of one for men, otherwise zero; sin is a dummy variable taking a value of one for single (unmarried) individuals, otherwise zero; and log(inc) is the natural log of income per household member 5 .
In addition, as the volume of bottled water purchased could vary according to not only whether there are children in the household, but also the ages of the children, the authors include the age of the youngest child to verify if changes in purchasing behavior are observed when the youngest child's age is less than or greater than a certain age. As described below, the dummy variable cds takes a value of one when the youngest child's age category YC is equal to or less than m in Eq. (3) .
In other words, cd is one and cds is zero for individuals where the age of the youngest child is greater than m, and both cd and cds are one if the age of the youngest child is less than or equal to m. In contrast, both cd and cds are zero for consumers without children.
The threshold value m that minimizes Akaike's Information Criterion (AIC) is selected. AIC is a statistic that expresses the goodness of fit of the model, as follows in Eq. (4). AIC = -2ln(L) + 2k (4) where L is the model likelihood and k is the number of parameters. Table 3 provides the definition of each variable and some summary statistics. For the model estimates, the authors divide the sample into individuals who live in the Tokyo metropolitan district and those who live in the Osaka metropolitan district, another of Japanese largest cities. For each group, the authors substitute Eq. (2) for Eq. (1), and estimate the model using ordinary least squares.
Estimation and Discussion
For the estimates, the threshold age of the youngest child first is determined, m. That is, the authors estimate the model in which m is set as an integer value in the range of 1 to 6 and a model that does not include cds. The value of m that minimizes AIC then is selected. It is found that AIC is minimized when m = 3 for the Tokyo metropolitan district, and when the model does not include cds for the Osaka metropolitan district. This suggests there is a boundary that accounts for the difference in the purchase volume of bottled water in Tokyo. This lies between the youngest child in the early elementary school age category and the higher grades in the elementary school age category. Conversely, in Osaka, no observable variation in purchase volume was found according to the age of the youngest child.
Next, in order to exclude those variables that do not have significant estimated coefficients from the model, the authors select variables from all combinations of explanatory variables to minimize AIC. Then, in order to test for the possible presence of multicollinearity between the explanatory variables, the values for the VIF (variance inflation factor) were calculated. are small, it is confirmed that there is no harmful multicollinearity. Table 5 shows the results of the estimates for the full model and the minimum AIC model when m = 3 for the Tokyo metropolitan district, while for the Osaka metropolitan district, the model does not include cds 6 . The most interesting findings in Table 5 are as follows.
In both the Tokyo and Osaka metropolitan districts, the sign of the estimated coefficient of cumy is significantly negative. This indicates that individuals who rarely purchased bottled water prior to the earthquake increased the volume purchased after the earthquake. This suggests that consumers who did not prepare in advance for the disaster were prone to hoarding behavior after the earthquake. This is consistent with the results in Kurihara et al. [12] .
For the Tokyo metropolitan district, age1, cd, cds, and sex were included in the minimum AIC model. The signs for the coefficient of age1 and sex were significantly negative, showing that compared with individuals aged 35 years and over, those aged 34 years or younger were less prone to increasing their purchase volume, which was also the case for men compared with women. This could be because when compared with younger people, older people more strongly perceived a risk from the radioactive substances detected in tap water, as did women compared with men. This finding is consistent with the results in Lin [6] and Dosman et al. [7] . The sign of the estimated coefficient for cd is significantly negative, the sign of the estimated coefficient for cds is significantly positive, and the sign for the sum of the estimated coefficients for cd and cds is positive. In the model for the Tokyo metropolitan district, m = 3 was selected for the minimum AIC model. Therefore, the dummy variable cds is 1 for consumers with children in the early elementary school year age category or younger, otherwise zero. Accordingly, among consumers in households with children, the sum of the coefficients of cd and cds was used for consumers whose youngest child was aged in the early elementary school years age category or younger, while the coefficient for cd 6 Estimates were made even for the model with Y as the purchasing standard, but no significant results were obtained.
was used for consumers with children whose youngest child was in the higher grades in elementary school or older. In other words, the signs for the coefficients of cd and cds indicate that the volume purchased by individuals was as follows (in descending order): first, individuals with children in the early elementary school years age category or younger; then individuals without children; finally, individuals with children in the higher grades in elementary school or older. The authors use these results to consider that in households with small children (who are more susceptible to the effects of radioactivity than are adults) consumers perceived a higher risk from drinking tap water and so tended to increase their purchases of bottled water. On the other hand, in households with children in the higher grades in elementary school or older (who are less susceptible to the effects of radiation than children in the early elementary school year age and younger) and who tend to drink large volumes of water, the financial burden required to change from tap water to bottled water was significant. Thus, these households were less likely to increase their purchase volume of bottled water. In the Osaka metropolitan district, sin and log(inc) were selected for the minimum AIC model. While the estimated coefficient was not significant at the 5% level, the sign for the coefficient of sin was negative, and single (unmarried) consumers were then less likely to increase their purchase volume 7 . This suggests that married consumers engaged in hoarding in order to avoid vague anxieties and fears about shortages of inventory in the future. The sign of the coefficient of log(inc) was significantly negative, and 7 There are various criteria available for selecting the best model, including the Bayesian and generalized information criteria and the principle of Occam's razor, i.e., minimizing the number of regressands. Moreover, the authors should note that AIC does not necessarily result in selection of the true model [15, 16] . The results of the regression, however, are unaffected, irrespective of which criterion we choose. Moreover, when the authors exclude the variable "sin" from the model, the remaining variables, such as "cumy" and "log(inc)", have the same signs and significance levels as the model including "sin", even if the goodness of fit became worse.
the purchase volume increased with increasing income per household member. It is considered that the greater the financial flexibility an individual has, the more they can spend to avoid vague anxieties and fears about shortages of inventory in the future. As described above, there were differences in the explanatory variables that describe the differences in purchasing behavior for bottled water after the earthquake between the Tokyo and Osaka metropolitan districts. That is, in Tokyo, the age of the consumer, gender, and the age of the consumers' children, affected their perception of risk concerning the safety of tap water, and this affected their purchasing behavior. In contrast, in Osaka, being married or unmarried and income, thought related to financial flexibility and the ability to spend to avoid anxiety or strong fears about shortages of inventory in the future affected their purchasing behavior.
These results show that consumers had different motives for increasing their purchases of bottled water in Tokyo, which was near the site of the nuclear accident and where radioactive substances were actually detected in the water supply, and Osaka, which was far from the site of the accident and where the water supply was not affected.
Conclusions
This paper analyzed what types of individuals increased their purchases of bottled water around the time of the earthquake using scanned individual data. The following results were obtained. First, consumers who purchase less bottled water before the earthquake tend to increase the volume purchased after the earthquake. Second, the motives for purchasing bottled water after the earthquake differed between consumers in the Tokyo and Osaka metropolitan districts. Our results will contribute to making a policy to ensure stable supply of the necessities of life.
As a final point, the authors should mention the issues not fully addressed in this paper. First, the QPR data used in this analysis cannot take into account latent demand. In fact, directly after the earthquake, a shortage of bottled water occurred and limitations in supply restricted the purchase volume. Second, because of the limits of the data, variations in the changes in purchase volume over time according to consumer attributes could not be analyzed. In the data used in this analysis, the volumes for many samples were zero in most months. Therefore, it was difficult to clarify the variations in changes among consumers over time using panel analysis. If the authors could clarify not only different attributes in the changes in purchase volume clarified in this paper, but also the variations in purchase volume over time associated with individual attributes, then these may provide more detailed information for distribution management policy during a disaster. The authors hope to address these issues in future research, including areas such as the data and estimation methods that we could use.
